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A. HISTORICAL BACSGR<XmD 

During World War II, United States ailit~ry !orcea operated exten­

sively in tropical areas, thereby caining considerable practical ex­

perience in cccaunication prohl~~· in tropical forest and Jungln areas. 

The pre5aure of military objectives limited scientific explorations into 

many of the !!>pecUic proble~~s lluat arose, resultln; in sizable gaps in 

our knowledge of cO£Dunication 1n equatortal regions. 

The friendly and cooperative working arrangement existing between 

Thailand and the United States resulted in the Joint study of tropical 

communication problems by staff aembers of the Thailand Ministry of 

Defense and agencies ~f the United States. The Military Research and 

Development Center (KRDC), w~s organized as a joint Thailand-United States 

~gency to conduct operational tests of military hardWare and ~o fo~ter 
r~~~arcb on manY subjects in a tropical environment. Communication~ re-

search is "' major subject o! interest in the MRDC· 

The United States AraY Electronics Laboratories (USAEL} Rnd Stanford 

Research Institute undertook the task of establishing an ~lectronics 
Laboratory in Thailand to facilitate a first-hand ~tudy of tropical 

communication problems. Staffing of the laboratory is a joint United 

States-Thailand venture, with Unit•- ' States participation largely frOIII 

members of the staff of Stanford Research Institute. 

Over-all direction of the United States portion of the MRDC has 

been assigned to the Advanced Research Projects Asency (ARPA} of the 

Department of Defense. ARPA actively monitors and directs the work 'lf 

the USAEL and Stanford Research Institute. 

B. OBJECTIVES 
The purpose of the project under Contract DA-36-039-AUC-00040(£) 

is to sup~rt the MRDC in the ereas of ta~tical and tropical co.munica­

tion. The specific objectives of this effort are to: 
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(1) Su1~ey, an~lyze, and evaluate the capacity, re· 

liability, and physical and tactical li~itat1ons 

of existing ca.Bunication faclliti~s, equipments, 

and techniques. 

(2) Generate from the above survey, analysis, and 

evaluation a set of roquireaents for field 

co~~~:~unications ba!'nd ttt'on tnrtical considerations 

and specific equipment characteristics that will 

satisfy these requ1.~ents. 

(3) Test off-the-shelf oquipments that come as close 

as possible to satisfying each set o! the above 

re.~irements, these tests to be first technical 

and then tactical for items that show promis9. 

(4) Analyze and evaluat~ the teQts and recommend 

(5) 

areas for future emphasis. 

State equipment requirements to accomplish the 

task of jun~le fteld communication, based upon 

existing and anticipat~d tactical requirements. 

(6) Train the Thai personnel as~igned to the Electronics 

Laboratory so that they arc able to utili~e the 

fccility, accomplishing this training as a natural 

course of operating the laboratory. 

(7) Aid ~lectronic projects in Thailv,d as practical, 

encouraging projects that appear especially useful 

to the basic obje~'ives of the MRDC. 

{8) Field test selected ite~s of communication equip­

ment in Thailand in accordance with the requirements 

of the President's Counter Insurgency Collli:l,ttee. 
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ll TASK I--CIPERATIONS A..'lAL\'SIS PROGIW4 

A. PROORAM OBJECTIVES 

The objective~ of th~ Operations Analysis Program arc as follows: 

To conduct st•1di C!l in · ~· ·h t!tt> :'"')IJi r0ments for 

research and development of military communications 

equipment and syst~ms w111 ~e determined. Particular 

consideration will be given to cf!ects upon tactical 

communications imposed by the unique geophysical en­

vironment, human fact~rs, anj likely levels of mili­

tary conflict which mny occur in Southeast Asia. 

Primary emphasis will be on enhancing the counter­

insurgency capabilities of Thailand. This research 

effort should lead to the identification of the 

essential operational characteristics and capabilities 

of the required communicat~ons equipment and systems 

and to guidance for the achievement of such capa­

bilities through appropriate research, development, 

test, and evdluation. 

B. STUDIES AND REPORTS PROORAM 

The Operations Analy~is Program is described in an SRI memorandum, 

"Studies and Reports Program," dated 26 August 1964. This memorandum 

was submitted to the Communication Program Manager, ARPA-RDFU, Bangkok, 

Thailand to set forth the studies and written reports to be prepared. 

It also suggests priorities, and gives per3onnel assignments end target 

dates !or each study. The program was submitted on 26 August 1964 to 

the COR/COTR
1 

USAEL, Bangkok, the MRDC Electronics Laboratory Coordinator, 

and the ARPA Communications Progr~ Manager, for ~omment and/or con­

currence. The program memorandum was developed as the result of numerous 

conference& regarding the Operations Analysis Program in the period 1 

March to 26 August 1964. It is consistent witt the SRI proiraa trans­

mitted by ARPA-RDFU, Bangkok, to the Thai Supreme Command, and approved 

by the Supreme Command on 31 .July 1964, 
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Th~ Operations Analysis Procram is composed o! six subtasks. Each 

subtask has one or .oro studies related to it. These subtaaks and tbe\r 

associa•ed studies are described below. 

1. Subtask 1--co.aunications for Low-Int~nsity 

Counterinsurcency (CI) Operations 

a. Study No. !--Border Patrol Police (BPP) Cosmunic2tions 

This study covers tho co .. unicationa network~ :rom HQ 

BPP, Bangkok, down through «re •• to platoons; c~unications from 

platoon HQ to individual patrols; interface r.ommunications with adjacent 

provincial police and military agencies; and an evaluation of the 

communications system to support the Cl functions of the BPP in low­

intensity CI operations. 

b. Study No. II--Armed Forces Communications Systems 

This study covers the fixed and semi-fi~ed coaaunications 

,ctworks from each of the senior headquarters down to Special Operations 

c~nL"rs (SOCs) and/or deployed comparable elements of each of the 

Service.• (Supreme Headquarters, RTA, RTK, RTAF, RTMC) th:1t hr•ve a CI 

role, and an evaluation of the coqmunication systems to support such 

roles in low-intensity CI operations. 

2. Sui tasks 2 and 3--cOt:UIIunications for Nedium- and U1gh-Intens1ty 

Counterinsurgency (CI) Operations 

a. Study No. III--Communications Requirements for Small Units 

in CI Comb~t in Tropic Areas 

This study includes a description of the environment and 

~n ~~~v r. ~~ent of its effects on radio communications in Thailand; the 

t~ct.c>~ r~uirements
 for communications of small units (battalion or 

~<~lst-l ~ v> i ;'Ill~ patrols in typical CI combat operatiot::: in the Thai setting; 

,•.<1.1 an c~ 1• L.ation of the most llignificant factors and considerations 1n 

t .. • d"l~1gr, and operation of appropriate to.cttcal cC'mmunicnt1on equipment 
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b. Study Mo. IV--A Study of the Applicability of VRrioua 

eomaun1cation Tran•ai~atcn Techniques in Support of 

Small Unit OoRbat Operations in Tropic Areas 

This study covers a revi~ and evaluation of tbe aoplica­

bilitY of various curreut and exotic co~uni~ation• techniquea--takinc 

into account environaental, tactical, technical, eoonomic, and hUMan 

factors--in tropical, small-unit CI operations. 

3. 
Subta~k 4--Qomaunications Syateaa Implications or ~jor Thai 

Dialec~s 

a. Study No, V--Tb"'· Intcll1Ci ~111 ty Tel'ts 

This study defines t~e rationale and develDpment of the 

test, experimental results, and tho effects of signal degradation on 

the intelligibility of Thli ~peech transmissions. 

b. Study VI--Evaluation of Thai Voice Transmissions in 

Tactical Communication SystetiS 

This study covers tests of, and will indicate, the 1n­

telligib\litY ra~ings of various aanpack tactical radio sy~teMS for t~e 
~ansmission of Thai speech. 

4. 
Subtask 5 (Study No. VII)--Survay of ~isting eosauni~~ 

s~stems 

This s~udy consists of two parts: 

(1) The development of (a) individual 

station data forms, (b) catalog for­

mat, (c) central data filing and 

reference system, and (~) procedures 

for the organization, aanagemcnt, and 

operations of a central agency for the 

r~gistration and up-to-date maintePance 

of ir.formation on existing c~uuica­

tions installation in Thailand (mili­

tarY, civil, and private). 
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(2) An actual full-seal• data-C?llcction 

surYeJ end the production of an initial 

catalol of oxistinl ~unications 

systeas in Thailand, in¥Olv1nl the 

active part.icipation of nwacsrous T .. d 

personnel under SRI SUidanco. 

~. Subtaslt 6 (Study J(o. ·:~n)--Htl'llllD ED&ineerilli and Thai 

Aptitudes 
Tbis study covers tho investiSI .ion of ~un1cation personnel 

skills and abilities in ord~r to dctcrsine wbat is r~uired for: (1) 

cquipaent dosiin and oporatio~al pro~eduros, and (2) peraJnnel selection, 

trainin3, and placeaent to provide iaproved c~un1cation systen per-

fol"IIIAnce. 

c. PROGP.ESS AND cmcWSIOMS 

1. Study PrO§r~ J.>rogress, 1 Jlarch to 31 Au.,..Jst 1964 

Figure 1 suaearizes progress on the Task I study program by 

ceans o~ a bar graph that portra~·s for ep.ch study the accomplisblllents 

in te~s of the &teps leading to cunclusions. Although the program ha~ 
not reached the point where ~nclusions can be rende~ed base1 on the 

individu&l study reports, somoe proliainary conclusions can be rendered 

on t~ree of the eight studies (Studies I, V, and VII). Four of the 

studies (Studies Ill, IV, VI, ar.d VIII) are in the initJal stages of 

data collection. One (Study II) is at the stage of processed data 

translation into a set of preli~inary conclusions. 

2. Ereliminary Conclusions 

The preliminary conr.lusions derived from the studies thus far 

are as follows. 
a. Study No. 1--Bo~er Patrol Police (BPP) CoMmunications 

The BPP missions in the seven areas vary sufficiently to 

require the use of different organizatior s, procedure!, and equipment 

in eoch aroa. 

6 
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b. Study No. V--Tbai Intelligibility Tcs~s 

m .. 

It bas been found tbat aany of the words contained in 

Us~s available in the U.S. arc of relatively low frequency of occurrence 

in spoken Thai or restricted to literary or elegant expressions, and 

consequently are not suitable for use in an intelligibility test. 

c. Study No. VII·-Surve· of Existing Communications SystcmD 

Tho many in~ompatibilities nmons the governmental communi­

cations systems in Tha~land lead to the preliminary conclusion that these 

resources would probably not be effectively •atiliz"td to their full cQpa­

bility in the ~vent of a national emergency or increased insurgency 

t is suggested that a qinglc. long-haul communications 
npcrations. 
system and a central communications manpgemcnt authority!!! be the 

po~~iblc solution to this problem. At the very least, a modern and 

efficient radio frequency regulating authority, together with a moni­

toring system, ~ppears to be a necessity if the predominant radio 
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coa.unicatioo• aysteas •-~ to play an effective role in the national 

defense of Thailand. 

D. W~ ACCOWPLJSRED OORIKG 'ntZ RD'()R'Z'liCG PERIOD 

1. Subtuk 1--cc.aun1cat1o::a11 for 1.1>,-Inton'i ty Counterinaurcencr_ 

(Cl) Operations 

a. !!_udy No. I--Border Patrol Police {BPP) Coll=unicationa 

l) PreliMinary Conclusions 

Tho work on this study hal been priMaril7 addresstid 

to the accumulation and processing of da~Q. However, one sisnificant 

conclusion bas e=erged: \~e BPP aisaions in tbc seven arona vary suf­

!ici9ntly to require the use of different organizations, procedures, 

a~d equipment in each area. Therefore, a synthesis of the BPP coamuni­

cations requirements must await the co•~letion of data collection !rom 

all area headquarters. 

2) Data Collection and Processing 

The current level of counterinsurgency activity in 

'r.lailar.d is an exlllllple of low-intensity counterinsurgency. The activities 

ot this level are carried on primarily by small units of the BPP. Mili­

tary participation is limited And highly specialized. 

The BPP patrols tbe That borders along a strip some 

30 kilometers in depth. This mounting of patrols in remote areas is 

typical of the kind ~f activity gene~ated wherever insurgency in its 

early stages is being countered. Thus, the current P.ctivities of the 

BPP present an excellent op)Ortuni ty to study the co1111uni cations problem 

of low-intensity counterinsurgency. The BPP ~as platoons deployed along 

Thailand's more than 2000 miles of common borders with contiguous 

countries. It is the res~ne1bility of tne platoons to inhibit insur­

gent activity in these areas. They discharge their responsibility by 

organizing sma11 parties to patrol the nrea, visiting the populated 

locations ~n as frequent a schedule as their resources perait. 
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Tbo unique and presslnc ~unicatione probleas of 

low-intensity counterinBu~ency aperations in Thailand are those ~n­

countered by the BPP un1 ts and tho orcan1zat1on tbat supports thna. 'i'be 

work for Study Ko. I bas therefore been directed toward an undorstandtng 

of these probleaa tbro\llh tho developcent of a detaUed body of infonu­

tion on the BPP, tboir orsan1zat1on, activities, and envi~naent. There 

are tbr~e types of d~tn bet~-~-~~~~: 

(1) Description of the BP'P 

orran1Zat1on, ~unica-

tiona systea, ~ uipcent, 

procedures, personnel, 

budget, and plans. 

(2) Description of the BPP 

operational envtronaent. 

(3) Quantification of current 

and past BPP operations 

(patrol activity, co.-un1-

cations traffic, incident 

rates). 

The primary sources of useful data so far 1dentlf1ed are the BPP 

Headquarters in Bangkok, the seven area boadq~arters and their asso­

ciated platoon base:~, USOU, and current studies being coa\ducted by 

ARPA and associated contractors. 

The major effort has been concentrated on dat~ 

collection !rom the area headquarters and subordinat~ platoons. Of 

the eight headquarters (includtn~ Bangkok), five have been visited. 

Trip reports have been prepared on visits to the headquarters at 

Chiengmai, Udon, Aranyaprkthet, and Kanchanaburi. 

The area headquarters have 9Vailable logs o! all 

message~ transmitted and receive1 with date, time, origin, destination, 

and message content recorded. Arrange11ents have been aade t.o obtain 

those records for statistical analysis of the com.unicnti~nb traff1c. 
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Each area alao taainta1DS a Ul• of reports on patrol 

actlvity. A croup of these reports, 24 in uu.ber, dct~ilins the ~trol 
action• of three platoon• ov~' a 3-etmth period bas beOD obtained and 

translated, anti tbe inforwst1CD contained bas ben tabllated. Tbis in­

fo~tion includes size of ~trul, equipa~nt, dur~tion of patrol, .ode 

o~ travel, villages visited, distance ~.~vvlcd per day, •axi~ and 

daily diotanco (ranse) froM b~se, and nuaber and nature of incidents 

invesU.cated. 
conversations bave been beld with RAC, RAKD, ARPA, 

and USOI personnel regard ins the availab!.li ty of envtronaental data. 

Up-to-date data on population distribution, roads and waterways, and the 

nature and distribution of Tesetation and forest cover have been located. 

1ue AnDY Concept Teaa in Vietnaa (ACTIV) was visited 

to detemine the extent to which data c011piled by that agency would be 

pertinent ~o thiS study. A description of the infonaation available is 

~ontained in the trip report prepared for that vi~it. It was found that 

the 1ata available at ACTIV ere aore applicable to Subtasks 2 and 3 than 

to Subt.•sk 1. 
b. Study No. 11--Anaed Forces c~un~cations Systeas 

1) Preli•inary Conclusions 

No conclusions have been derived froa this study. 

However, the data-collection and processing steps have produced a large 

bodY of information that would perait definitive conclusions to be de-

veloped. 
2) Data Collection and processint 

Data on the Thai ailitary forces, includin; the 

f1xed and ~cmifixud co~unications systems of each, bas been colle~ted 
in order to evaluate the abilitY of such systems to support assisned 

counterinsurgency roles. Data on the Royal Thai Ar-Y (RTA) and Royal 

Thai Harine Corps (RTMC) cover the are~s of organization, ceosrapbical 

dillpos1Uons, and special counterinsurgency pss1gnment& oi tho fo;ces 

(e.g., RTA Special Operations Centers and 2nd RTUC Battalion), together 

10 
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with circuit diearwu• of aoa~ of the fixed systems. Obsorvatio~~ made 

durinc !1eld o3ercises and visits to Special Operations Centers produced 

infon~ation on COKauni~ationa cquipoent, operation~, and difficulties 

encountered. 

yet. 

2. Subtas~a 2 and 3--eo.munication& for Medium- and H!;h-Intensity 

Countcrioaurcency (C!) eporations 

a. Study ~?· III--eo-.unicatlons Requi~ents for SNall 

Units in CI Coabat in Tropic Areas 

1) Preli•inary Conclusions 

No conclusions have been derived from this study as 

2) Data Collection ~d ~rocessinJ 

Th~ initial steps in pursuing Study No. III include 

investigation of the following subjects: 

(1) Mid- and long-range threat 

to the security of Thailand 

(2) Contingency policies and 

plena for the combat eapl¢y­

~ent of Army tactical forces 

a~ainst various postulated 

thrents 

(3) The interface of police and 

Military fcrces and the 

phasing in of their roles 

in joint operations 

(4) The command-control of joint 

police and military forces 

at tho medium and hish levels 

of counterinsurgency intensity 

11 
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(5) Plans for tbo •1sa1onf, roles, 

entry, and deployacnt of 

friendly fo~eisu coabat forces, 

and the coabined co•and-control 

concept for all force• 

(6) Exlrttn~ and planned coaaunica­

tions eyataa• and netw~rka to 

prov!d;l for the expected heavy 

demands for traffic capacity, 

responsiveness, and reliability 

at all echo le-ns. 

b. Study IV--A Study of the Applicability of Various 

coaaunlcation Tran&aission Techniques in Support of 

Sa•ll Unit eo-bat Operation~ in Tropic Areas 

1) Preliminary Conclusions 

No conclusions have Ueen derived from this study. 

2) Data Collection and Processing 

This study is in the preliainary phases of data 

collection. A major portion of this study will be accomplished in the 

u.s., including data collection at U.S. Government age~cies (Fort 

Nonaouth, Fort Huachuca, u.s. An~y Coabat Developaents Command, Fort 

Brau) 
1 

and U.s. manufacturers of coaerciwl co11111unicat1ons cquip~~~ent 

(RCA, Philco, ITT, etc.). 

3. Subtask 4--coaunications Systms Is1plicat1ons of l!ajor Thai 

Dialects 

a. Stu~, No. V--Thai Intelli§ibility Tests 

1) Preliminary Conclusions 

It has been found that aany of the words contained 

in lists available in the u.s. are of relatively lew frequency of occur­

ronco in spoken Thai or rnstricted tv literary or elecant ex~resslons, 

and consequently are not suitable for use in an intellicibility test. 

12 
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It bas b6en concluded that attention should be 

focufled onlJ on Standmrd Tlut1 (f:attekok Tbd). This 1• the predollinant 

d1aloct of 'l'bailand, tho dialect Apoken by tbe larcest eepent; of th6 

population, and the dialect taucbt in the schools tbrouchout tho Kingdom. 

There are, however, deviations frcm StandArd Tba1 dialect and these 

deviations are larse in the outlying areas. !n aany instances the 

"dialect" of a particular area ai"'bt • 'ter be considered :tn.,ther 

language; for example, the "Northeast Dialect" borrgwa quite heavily 

from neighboring taos. In ~~ito of this, it sesss clear that the major 

dialect legions do not introduce any ptonolocical coaplexities not found 

in Standard Thai. 

2) Data Collection and Processing 

Mr. K. D. Dimmick, SRI Menlo Park, visited SRI 

Bangkok between 13 and 27 August 1964 for the purposes of: 

(1) Securing specific infor.ation 

about. frequency of occurrence 

of '!'hal words 

(2) Determining the characteristics 

of the .ajor Thai dialects 

(3) Securing an analysis and re­

cording of s~ental and 

prosodic features of Thai 

that are not &bared by English-­

e.g., aspiration, tone, and 

vowel duratior. 

(4) Working out specific plaus 

for the voice cosaunications 

ayutems evaluation. 

With the ~ssistance of Wr. Lionel G. Tboapson, a 

consultant ~ ;ed in Dangkok, additional word lists were obtained fro• 

the nri t1sh Chamber of Co111111erce, Bar.gkok. Tbese lists contain a se­

lected vocabulary of approximately 1600 words that occur frequently in 
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Tba.l speech. Selected eotries will bo pboneaically &Dalyzed and included 

in t!lto1 fln&l wocabulary fro• which the intelUcibUity t .. t words will be 

selected. • 
Mr. T11011pson prepared a series of ainiaal pairs for 

tbe purposes of d.-onatratins the Pbon .. ic quality of aspiration, tone, 

and "VOWel duration for 1bai apeech. nose are phoneme a:~pects of Thai 

spooch not thared by £nslisb. 

Three profcs.l~nal radio announcer• in Banskok, each 

of whoa represented an excellent exuplo of Standard Thai •ere recorded 

3& tbey recited the ainiaal pairs illustrating tbete aapecta. The re­

cordings will be uted at SRI ilK '.o Park :for detel"'liDi~ the &i!Plal charac­

teristics necessary for the percerti~n of aQEaental and prosodic features. 

Mr. 'IbOIIP:SOD will prepare additional itcas of tbU nature for future ex­

periaents, but tbe aost critical recordings have been eado. 

These atiaulus iteaa will.be presented to Thai 

listt~ers at SRI Kenlo Park after they bav~ been subjected to varying 

dcv;reett of band Uait1ng, reduced aipal-to-noiae ratio, etc. Tbe data 

resulting froa this set of experiaents will be specific to the three 

att~ibutes under study .nd will be used to support conclusion• drawn 

froa the intelligibility teat study and •yeteaa evaluations. 

"' 

I v • 

b. Study Ko. VI--Evaluation of Thai Voice Transmission in 

!!£tical CO..unications Syateas 

1) PteliainAry Conclusions 

No conclusions have been derived for this study. 

The miniaal pa~r is the basic tool of aodern descriptive 11nsuitt1cs 
by which the sepental and supra-aepental features of a lan~qe may 
be identified. In En~lisb, for exaaple, lik (leak or look) and rik 
(reck) fol~ a minimal pair d1!ferentiat1ng-betwe~ the ilides 1 and r. 
In Thai, eJ. (to go) and pbaj (danger) fol'lll a mini•al pair to iimaon-­
strate the phonemic naturo of aspiretion in the lansuace. 
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2) Dsta Collection and Processing 

Tbe aost productiYO and fe~siblo approach to evalu­

at1nat the ail1tary coa~unieat1on linkll sppoara to be to perform the major 

portion of the effort at SRI Menlo Park using standard ailitary equip­

aent (PRC-10, VHF) and laboratory simulations of syatea characteristics. 

G~ever, in order to assure the validity of the findings, additional 

teats (selected spot-checks) . ; , , be c~,.,.uted in 'l'hailand uainc different 

listeners. 

4. Subtask 5 (Study No. Vll)--Sur\•ey of Exist1nc Com~unicatlons 

Systems 

a. Preliainary Conclusions 

Baaed on available information relating particularly to 

the incompatibilities among the many gov~rnmental communications system3 1 

it is tentatively concluded that the existing cosaun1cations roso~rces 
probably could not be utilized to their full capability in the event o! 

a national e111erglmcy or incroascd ineur/ifJnCY operations. It is suggested 

that a single, long-haul communications system an~ a central coamunica­

tions management authority may be a possible solution to this problem. 

It is further tentatively concluded that a modern and 

efficient radio frequency regulating authority, together with a moni­

toring syst~, is a necessity if the predominant radio communications 

systems are to play run effective role in the national defense of Thailand. 

b. Data Collectlon and Processins 

In order to evaluate the capacity and capabilities o! 

Thailand communications systems to support military requirements in an 

emergency, it is necessary to have an up-to-date catalog of the existing 

stations and networks. To achieve such a catalog it has been concluded 

that there is n need to have on record in a central !ilo the essential 

physical and operating parnmeters of all radio communications systems 

in Thailand. This has led to the development of: 
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each follow: 

(1) Station data forms and associatftd 

instruction• for coaplo~ion (to be 

completed by a cognizant agent of 

each station) 

(2) A ccntrcl registry form and asso­

ciated central recording, filing, 

nnrl cr~-· rAfcrencing instructions 

(3) A stand11rd operating proccdnre 

(SOP) for tho "Thai C'ff1ce of 

Registration," for maintaining 

and updating of files and registry 

(4) A format for pu~liRhed registry 

information. 

A list of suggested f.orms and a brief dcscriptil)fl of 

(1) Radio Station Data Catalog Package 

(a) Form No. 1--Thailand: 

Radio Station Data 

Catalog 

Form No. 1 is the initial 
form in tho s•~tion data 
catalog package. It con­
tains the general infor­
mation listings--i.e., 
owner, location, facilities 
(n~ber of transmitters, 
type of emission, type of 
transaittor, etc.), type 
of radio sarvice, hours of 
operation, etc. 

(b) Form No. la~-Geographic 

Map of Thailand 

Form No. la is a blank map 
of Thailand and y1clds a 
pictorial operational diagram 
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showing d~tails of the radio 
station ~d associated system 
being reported when completed. 

(c)• Fol'lll Ko. lb--Tranallitter 

Eniineering Data 

Fol'lll Ko. lb lists tbe technicnl 
parameters necessary to define 
the transmitting capabilities 
of tu.: .~t!on including antenna 
and power soecifications. It 
also allows the reporting of 
either single-channel or multi-
plex operations. Some additional 
engineering data is listed that 
will allow a miniaum determination 
of interfacing capability. 

(d)* Form No. lc--Receiver Eniineering 

~ 

Form No. lc lists the technical 
parameters necessary to define 
the receiving capabilities of 
the station including antenna 
and power specifications. Add!-
tional engineering data is 
listed that will allow a minimum 
determination of interfacing 
capability. 

(e) Form No. ld--Switchi~ Tenainal 

Engineering Data 

Fom No. ld lists the pertinent 
technical parameters necessary 
to define the te~1nating capa-
bilities of the station. 

(f)* Fom No. le--Tranceiver 

Engineering Data -
Form No. le lists the pertinent 
technical parameters ncc~ssary 

Items (c) and (d) above pertain to fixed station applications. When 
portable, mobile, or portable-mobile a~ well as small capacity fixed 
stations ~re reporting, Items (c) and (d) will be omitted and Item (f) 

data will be collected. 
17 
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to define the transceiver capa­
bilities of the station includinc 
antenna and power specifications. 

(2) Central Registry Form 

Form Ko. 2--Radio Station Authorization+ 

Thailand 

Form No. 2 is th' o1ficinl re~istry form. 

Tho listings on it aro duplications of in­

formation listings in the "Radio Station 

Data Catalog Package." Tho form consists 

of an original and four copies. The original 

will be supplied to the station owner as his 

official authorization for operation. The 

four copies will be filed by registry number, 

call sign, frequency, and radio service. This 

affords cross referencing capability in these 

four pri~t'J areas. A procedure, "standard 

Operating Procedure for Registry Office," 

to be followed by tho Registry Office for 

the preparation and filing of Radio Station 

Authorization Form No. 2 was developed. This 

procedure gives step-by-step instructions for 

completion and implementation of Fora No. 2. 

{3) Procedures for the Preparation and Updati~ 
of the "Radio Station Registry Freque~ 

-.,~, 

List" -
The frequency lists are to be published 

listings of autt.Jrized radio ~tations. They 

are presented by type of rad~o service and 

they Include all data necessary for rapid 

radio station identification. Basis of the 

list~ are registry copy #4 uf the nadio 

Station Authorization--Form No. 2. Each 
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frequency list associated ~ith a particular 

radio service will consist or Forms No. 3 

and No. 4. 

(a) ~ No. 3--Registry Number 

and Authorized Owner 

Form ~~. 3 li~~; in ~equential 
order by register number the 
authorized owner of the r4dio 
atations in each different 
radio service. 

(b) Form No. 4--0perating Frequcncl 

and Prime Data 

Form No. 4 lists by operating 
frequency ~roup assigned in 
ebch of the ~ypes of radio ser­
vice the prime operating parameters 
of the authorized stations--i.e., 
call sign, location, class of 
service, type of emission, power, 
etc. 

It was found on initial investigation that over 27 

separate, independent Oo•,~rnment communications systems exi:~ted in 

Thailand, exclusive of 'Jrivately owned systems. It became apparer.t alsC> 

that, in general, acce3s to and gatherins of data from the various Thai 

Minjstries and Depertments thQt operate these networks would have to be 

approved by the Thai Supreme Command. However, t',:>se data on Thai 

communications systems that could be obtained on an informal basls were 

gathered. These include: 

(1) A ll'aap and tabulation of the government 

agencies and population cP.nters having 

radio stations. This indicated that 

there were almost 1000 radio stations 

in Thailand operating under governmePt 

auspices. Station and net~ork data have 

yet to be obtained for the~~ stations. 
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(2) Data indicating the traffic control 

system, telephone and telegraph (six­

level teletype) systeAs, and station 

dat~ of the State RAilway Systems of 

Thsiland, including the open-wi:'e and 

radio H~· bac' 'lP circuitry. 

(3} Facility layou., trali~c routing, and 

line route map data o~ the Toll Telecom 

System of Thailand (Zones 11 2, and 3) 

installed by Collins Radio r~. 

(4) The scmi!ixed (ANITRC-24, AN~-85 1 

ANirRC-90) rad'o relay and tropospheric 

sca~ter networks operated by the Thai 

Army and Atr Forces. 

(5) A tabulallon giving locuti~ns, frequency, 

and power of various Thai broadcasting 

stations. 

5. Subtask 6 (Study No. VIII)--Human Engineering and Tha~ 

Aptitudes 

' ~· Prelib1nary Conclusions 

No conclusions have ~een ~erived from this stuJy. 

b. Data Collection and Process!~ 

The program approved by the Thai ~upreme Command indi­

cated the need for one Thai officez· to assist in gaining acce.;s to the 

identified data sources and to act as interpreter and t.dnslator. The 

latter function is critical, since all records are written in Thai. A 

Thai officer has ~oot yet been assigned to the subtask. Accordingly, 

adequate access to easential data bas not yet been possible. Some dat.\ 

related to weight-carrying rcquiremr~ts and capabilities < • Thai per­

sonnel have been obtained from ARPA-RDFU and the Inf~Atry Center at Fort 

Benning, Georgia. It is intended that information be developed on the 
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followinl topi~s, in support of the other elements of Task I: 

{1) Thai human resources for t•plesent1ng 

co~unications systeas. 

(2) Capacity for Thai training facilities 

to provide necessary trained per~~nnol. 

(3) E!!oc.;. ·, ' cquii""'ent woicht on COICIIIuni­

cation~ p~rformanco, patrolling distances, 

and patrol vulnerability and fire power. 

(4) Catalo~ of Thai psycho-physical traits 

that have implications for communications 

system design and performance. 

(5) Language d1fiiculties that affect communi­

cations within and among military, police, 

and other agencies. 

E. WORK PlANNED l10R THE NEXT REPORTING PERIOD 

l. Subtask 1--eommunications for Low-Intensity Counterinsurgency 

(CI) Opernuons 

a. Study No. I--Bo~er Patrol Police (BPP) Communications 

Visits are scheduled to coaplete the survey of area head­

quarters and accessible platoon bases. The message logs trom the area 

headquarters will be tran8lated and a statistical picture of the communi­

cations flow prepared to show variation in volume of communications by 

time of day, day of month, geographic area, unit, message content, mode 

of transmission, frequency, delays, and equipment used. 

Additional patrol reports will be obtained and translated 

and &·. statistical description of BPP patrol activity will be developed. 

The data on env'-roiUient will be compiled into a colllpre­

hensive environmental description pertinent to communications needs and 

problems. 
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b. Study No. II--Arraed Fo1•cea Coalunlcationa Syatt!lls 

Visita aro bei~ scheduled, with tho Supreaae CCcmanrl 

approval, to (1) the coaaunic~tions installations of tbe Suprc=e ComAand, 

(2) DQ RTA 1 (3) the three nuabored field armies, (4) tho four divisions, 

(5) several co11bat teams and separate battalions, (6) the 2nd ~ 

Battalion, (7) the RTA Si~a: ~POt and Base Maiht~~nco Coapany, and 

(8) the li~nal and c:oa11unicationa schools of all rstu•vices. Dolta will ~ 

ot .cd on countcrlnaurgoncy ;issions and roles, existing c~unications 

nct•orks and systems (procedures, operations, traffic, equipment, main­

tenance) and personnel training. 

2. Subtasks 2 and J--co.aunicati9ns for Kedium- and High-Intensity 

Counterinsur;ency (CI) Operations 

a. Study No. III--co .. unications Requirements for S~all 

~fn CI Coabat in Tropic Areas 

Data collection will be completed by visits to appLopriate 

ofti~~s of JUSacAG-Thailand and HAC-Vietnu, after which a report will be 

prepared on this study. 

b. Study No. IV--A Stuur of the Applicability of Vdrious 

C~unications .~ission 
Techniques in Support of 

Small Un1 t Collb1n. ~rations in Tropic Areas 

Data collection will be co.pleted1 and the results will 

be tabulated in a report to show the appllcability of coeaunications 

techniques in terms of the operational paraaeters of small unit Cl 

operations. 

3. Subtask 4--communicaUons Systems Iaplications of Major Thai 

Dialects 

a. Studi' No. V--Thai Intelliiibility Tests 

This research effort is designed to result in four or 

f1vo forms of an Int~lllglbility Test for Standard Thai speech, as well 

as supporting technical data on the effect' of signal desradation on 

intelligibility of ~ai (as compared to Kimilar aisnal degradation in 
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~liab) and specific dat ~n the aicn&l ~aracteriatics, 1! any, thnt 

are n~eaaa17 for the aural perception of features that are phonCIIIlc 1n 

'l'bai 1 but oot in ED.clbh. Types of aicnal dhtorUons that ar., of 

interest in tbia phase include bend liaitinc1 a1;nal-to-no1ae ratios, 

alcnal levelts, frequency abUts, etc. It ia anticipated that n "first 

run" intelltcibUity test will be ec.pleted abortly. Cc;.currcnt with 

the devclopeent of the test, la: .• -.,•nry e:rperiacnta ";Jitb Thai listeners 

will be conducted on s~cific ainiaal pair aateriala. 

The initial draft ~f a technical report d~scribing the 

Tbai intelligibility teat, its rational~, and relevant data recardlng 

the transmission characteristics n~esaary for intelligible 7ha1 speech 

ia neariac c:o.pleUoo. Jt aust be spbasized that there are a nuabcr of 

factors that aay delay the coapletion date. Foreaoat is the fact that 

this is a report of basic paychopbyaical data based ~n aany responses 

over • aubstanttal maber of observations. These data are difficult to 

•-quire and analyze. Sucond, -the observerzs to be eaployed (native 

sper.~. .. ra of Tbai) are Uaited in supply at SRI Menlo Park, and it ls 

posaitle that difficulty will be eacounterC(! !n socuriq actequate nlllll­

bera of Thai observers at the appropriate Uaea. 

b. Study Ko. VI--Evaluation of 1baj V.,ice Transaission in 

Tactical eo..unications Syateas 

Tbe aajor portion of the work will be conducted at SRI 

Menlo Park and will be initiated as soon as an acceptable intelligibility 

test is available. Followinc tbe ooapletion of the systea testina at 

SRI Menlo Park, selected transmission conditions will be evaluated on­

site in Banskok. lbtle it is aore difficult to conduct tbe te~ts in 

Thailand for technical reasons, it is deeaed neceuary to perfora SOlie 

spot-check or support tests there. The 110st coa~~andin& reason is that 

the Thai listeners available in the United States are university students, 

and they represent a rea• nably a•all segaent of the total population. 

It ~berefore be~es quite desirable to perform liaited teatin• in 

Thailand with •ilitary communicators. 
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Field tc&ts in Thailand are expected to begin early in 

Dece.ber and be c011p1eted by approximately 15 Docnbor 1964. The lni t1 a 1 

draft of the report coverinc phase two is anticipated by approximately 

15 January 1965. 

4. ~'btas!t. 5 (Study K•"' VU)--Survey of ExisUnc Coiii!IUDicaUons 

Syat~s 

The forma previously d~»-·'lcd will be translated iQto 1bai. 

Stations will be visited by SRI meabers, the for.s completed in both 

English and Thai, the latter retranslated, and both c01pared for clarity 

and accuracy. If necessary, the station and catalog entry items will be 

revised. 

The practicability Qf tho propoaed procedures and central agency 

operation will be discussed with representatives of the Supreae Command 

and Ooamunications Ministry and revised as indicated. 

Using the rcv• sed forms, a survey of c~rtain governaent a~encles 

(in .. !udins eiUtary) will be conducted, one by SRI personnel, the others, 

hopefullr, by Thai personnel of the respective ainistries or departaents, 

to again judge the practicability of such a survey. 

The reCOIUiended Unali.i.ed fonts and procedures will be included 

in the report of the first part of the study. Tbe data obtained fro., and 

conclusions concerning, the conduct and frequency of such surveys will be 

included in a report on tho second part. 

5. Subtask 6 (Study No. VIII)--Hu.an Engineering and Thai Aptitudes 

Jf a Thai offl .r is assigned to th~ subtask before 1 Noveaber 

1964, the basic data can be collected in suff1 1fint ti•e to prepare the in­

puts to a report for the ca.ing period. Without this assistance, any 

supportinc evidence •ust depend upon subsidiary observations d~ring the 

course of field trips made for Subtask 1. 

Basic data are required on personnel cot~unications skills and 

abilities, eoamunications performance scores, anthropometric measures, and 

equipaent physical ch&raeteristics in order to: 

(1) Identify the additional personnel skill& 

needed to 1upport any proposed chanse• in 
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the eo.aaunlcations system~ reco-ecuded as a 

res"lt of wor~ on the other subtasks. 

(2) Detenaine the •chool .nd train1n, facilities 

required to support the coaaunications 

11yst•s. 

(3) A••••• the effect equi~ent wai1bt has on 

co~~aun1cct1on pertoraance in teras of 

patrollinc distance and p~trol vulnera­

bility and f!r~ pow~r. 

(4) Detorainn the Thai psychophysicAl traits 

that hav~ iaplic:tlons for ~unications 

ayste11 deai~r and perforaance. 

(5) Identify any laneuage difficulties tha~ 

affect co .. unications within and ~ns 

ailitary, polica~ and other agencies and 

the procedures to elb ... nate such diffi­

culties. 

F. FACILITIES 

On 15 Aucust 1964 SRI entered into a lease for two five-roo• apart­

aentl at 4/2 Sot 23
1 

in BaDpok, to acc:c.~odate personnel workiq on the 

ARPA SEA CORI and SEA SURE operations analysis tasks. The SEA SURE work 

(on surveillance) has auch in co.tOn with that of SEA CORE, and con­

ti,~u• acco-.odctiona should benefit both. The facility is a throe­

story, four-unit apartaent buildinc, conveniently located approxiaately 

one-half block froe Sukbuavith Road (see Fig. 2). Each apart,.ent baa an 

area of 830 square feet of usable apace with a total area of Lo aquare 

feet. The 10 ~· bavo individual 1-ton air conditioners. A telephone 

is available and there ts parking space for six cars. Tbe wido street 

ir. front of tho apartaonts provides additional apace. The units have a 

storqe rooa on the second floor and tbere is r0011 on tbe first floor of 

each unit auit~~le for ,uarda and drivers. 
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Tbtt tena of the 1eAI!e 1• for 6 aontha, ~encinc 15 AucU•t 1964 

and ent· ; 15 February 1965. ~- . hal' tho optioat to ret<CW on the saDe 

teras R.Dd condi tiona up t!:orouch 30 June 1965. 
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III TASJt II-SCII:fl'IFIC Alm TECH!flCAL IlfVlSTIOATIOlCS 

A. PROGRAM OO.Ji:CTIVES 

Durtnc the rcportinc period, a series of coafercmcea was bold be­

tw~n ARPA, USAEL, '11la1land~-. and SRI repre1entat1vos to roriow tbo 

specific subta•k ••sisnments. AG a result of these conferences, it wa1 

qreed that all llllljor wc:nit e'~"'"t• •hovld be restricted to tbe followins 

re~ised set of 1ubtasks: 

Subtask 1--Test and Evaluate Tactical CO..unication 

Techniquea and Devices 

Subtaak 2--conduct RF Moise leasureaents 

Subtask 3--conduct Antenna Orientation Investieation 

Subtask 4--conduct Keasureseat of Ground Constants 

Subtask 5--Condurt Special ~etic and Ionospheric 

lllvesUcaUona 

Subtask 6--Investi~ate Ionospheric Factors Related to 

Local Frequmcy Prediction 

Subtask 7--~nvesticate B!fecta of Tropical Envlron.ent 

on Antenna Perfo.nu.nce 

Subtaak 8--Analy:o Vert1cal-lnc1dence Ionospheric 

Ueasura.ents. 

B. WORK ACCOJalLISHED DURIMG RIPORTI!IG PERIOD 

Dur1nc the reportlne period, work was acco•pl1shcd on all the •bove 

subtasks. A suaaary of the work acCODplished on each s~btask follows. 

1. Subtask 1--Teat and Evaluate Tactical Cosaunication and Devices 

Field tests on selectP-d VHF aan-pack radio sets over the flat 

~elta region near Banskok have been coapleted. The principal objective 

of the tests was to determine the aaxiau. effective operating distance 

of the various sets usin~ their standard whip antennas and under 
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controlled conditions siaulstini potential operational situations. 

Secondary objectives were to coapare variations in performance between 

day and oicht, to e~inc the effect of varyinl the frequency chanuel 

used, and to obtain sace rough idea of perfor.ance variations with 

chances in anteo1na po&i Uon and httiiht. 

The tests ware aado in a resion free of villace• and aan-asdc 

construction. The region is used for rico crowinl and c~ntaJns the 

usual low dikes and waterways tour.d in such areas; no signlflcant chanse• 

in elevation exist. During tbe t~st period, no rain fell and the water 

table was low. 

The followlRC nd1o sets wer• nployed: 

Al(/PRC-25 

AMIPRC-25 with 15-watt aaplifier 

AKIPRC-25 with 35-watt aaplifier 

AMIPRC-35 (XC-3) 

Motorola Handi-Talk1e. 

Table I s~arizes the results obtai~ed. A report describ1111 these re 

a~ults in aore detail is be1111 prepared. 

A ceneral evaluation of an Hl' radio set desisnated tbe RTA-318 

was completed. Tbis set is aanufactured by the G. Siaon Company in 

Ban;kok, Thailand. The tests were conducted to evaluate its suitability 

as a lieht-weilht aan-portablo set for use by tbe Special Operations 

Ccmter of tho Roy11l Thai Any. 

The RTA-318 is • fully transistorized, sincle-cbannel, crystal­

controlled radio t operatinK onlY in a CW mode and powered flo. c-size 

dry cells. It is sMall and b1ihly portable, with a total weiabt in-

cludinK power source of 12 pounds. 

A draft of the test r..port, entitled "Encineerin£ Evaluation 

of the RTA-318 Radio Set," has been wrlt ten. 
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Table I 

EFF~IVE RANGES FOR RADIO SETS TISTBD 

Frequency Power EU ecU ve Range 

Set (lllc) (watts)• (Bailee) 

A!(/PRC-25 3:S 2.0 4.2 

51 1.9 5.4 

I 65 1.7 3.4 

Atf/PRC-25 
! 35 15.0 8.') 

l5w I With power ampUfier, 51 15.0 12.0 

I Atf/PR«>25 35 35.0 9.0 

l With power aaplifler, 35W 51 35.0 13.2 

r AN/PRC-35 (XC-3) 35 o.s 2.0 

51 0.7 1.0 

' 
' 65 0.1 1.4 
I 

Motorola Hand1e-Tclk1e 50.7 1.5 1.2 

-
Heigh: of sets: Base 2,5 ft abov~ ground for both transmitter and 

receiver. 

Antenna lengths: AM/PRC-25 
ANIPRC-35 (XC-3) 
Motorola 

10 ft 
3 ft 
1.5 ft 

* Transaitter power output into a matched load. 

2. Subtask 2--Conduct RF Noise Measureaents 

Initial measurements of tho radio noise environaent are under 

way, using loaned equipment and v. ous flel~ expedients. Tbese aeasure­

ments include continuous recording of RF noise frequencies of 1.5, 6.0, 

27, 51, 120, and 200 kc. Since May 1984, a lightning-flash counter 

similar to one located in Singapore has been operating, so that the 

occurrence of strong lightning flashes can be monitored. A direction 

finder consisting of a pair of c~osscd loopr, two a•plifiers, a 
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cathn~e-ray-tube dispi~y, and a recording c .. era baa been constr~ct~ 

and is in operation. Special noise aeasureaents have been conducted 1n 

a survey of possible low-noise sites. 

The desip of RF noiae-.easurino equipnnt for tht HF band has 

been cOMpleted. Equipaent siailar to and coaratible with the Kational 

~reau of Stan®rd's newly deaicned AM-3 noise-seasurins equipaent bas 

bet!!n selected. 

Records from tbe six-channel VLFILF noise recorder have shown 

the expected diurnal variatic~ in noise level; however, local stonas 

frequently cause large increases over the normal noise background. High­

frequency and VHF noise records obtained as by-products froa other ex­

periments indicate that aan-aade noise levels are hish ncar Bangkok. For 

example, overmodulation and harDODic coaponenta froa broadcast trans­

mitters have been found on the C-2 sounder data, and autoaobile ignition 

noise is prevalent. 

The lishtnini-flash counter responds to only very strong elec­

trical 1apulses and generally to only local liibtnin& flashes. It was 

c~n~•ructea by ,raduate students of Cbulalonckorn University, and initial 

tests were carried out in the University's hich-tension laboratory. It 

has been operational at the KRDC Electronics Laboratory since May 1964. 

Figure 3 illustrates the vide variation in local li~btning activity. 

The data shown are taken witb an arbitrary fixed threshold 

level held constant durins the over-all period. Further eflort is under 

way to calibrate the triggering level of the counter in ter.s of an in­

cident electric field stren;th, to calculate the approxiaate ranse of tbe 

counter, and to correlate data obtained with local atora activity. 

3. Subtask 3--;;onduct Antenna Orientation Investicat1ons 

Early in the prograa it was rc~ized that the reflection of 

radio waves from the ionosphere n~ar the aacnetic equator would be 

affected by~ lar1zat1on of the radiated sicnala.
10 

Durinc this report 

• References are given at the end of the report. 
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period, field tests were continued to measure the magnitude of signnl 

levels by using various antenna polarizations. Sites at Ayutthnyn and 

Makhon Patbom, which are approxillately 60 km duo north a11d due west of 

Bangkok, respectively, have been used as remote receiver sites: and a 

transmitter has heen operated at the HRDC Electronics Laboratory near 

Bangkok. Transmissions have been made at 1.7, 3, 5, and 10 Me, using 

both north-south and cast-· ... ··-:• hnl!-'\·.,ve dipole antennas. 

Initial results of CW measur~ents are shown in Figs. 4 through 

10. E&ch curve rupresents the average of five days of data. The effect 

of the orientation of antennas on receiv~ signal strengths is pronounced 

in the lower frequencies. In the higher frequencies it becomes insig­

nificant, as shown in the lO-Me data. Some cAution must be used in the 

interpretation of the 10-Mc data because the signals !rom the near­

vertical-incidence path are believed to have been contaminated by signals 

received over long-dtstance backscatter •odes of propagation (seep. 16). 

Tests using pulse transmissions to identify t~e existence of 

~~usual propagation modes have been started. Preliminary rubults confirm 

the general findings of the CW tests. 

4. Subtask 4--Conduct Measur0111ents of Ground Confltants 

Tho electrical properties o! th~ cart~ determine the effective 

groundwave coverage for transmitters operating in the lower part of the 

HF spect~ and determine the efficiency of antenna~ that depend upon 

ground conductivlty in their vicinity. 

Over an imperfectly conducting ground, the electric field of 

the radio wave transmitted from a vertical antenna tilts forward slight~y 

l~om the vertical axis. The tilt angle, e, at which the electric field 

tilts, depends on the freq••ency, conductivity, and dielectric constant 

of the ground in the path af propagation. At a sufficiently high fre­

quency, the tilt angle cl~~ends largely on the dielectric constant of the 

ground, and these are related by the equation 

1 
tan e ~"'Jill! 

- "' 
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where ~ ts the dielectric constant, tbus givinc the value of c when the 

tilt anele ia knowa. 

To aeasure tho tilt ancle, a dipole 1s placed 1n tbe electric 

field and oriented uatll it receives ainlau. sienal--i.e., when it is 

parallel to the electrir. field. The &n.ele of the dipole can then be 

aeasured. 

Equipaent for aeesurinc tb~ tilt ansle of vertically polarized 

transaittinc radio waves was ~ut't and tested. 1~ consists nf n reaote­

control rctatinc dipole antenna with bu1lt-1n transistorized preaaplifier 

md aipal-atrr~th indicator. Tbe d1(10le anteDDA is balanced. A re­

aote control 1a necessary bocause of tbe capacitance effect between tbe 

expcriaeoter and the dlpo_~e antenna. Vertically polarized radio waves 

sare lauacbed by a battery-operated 27-Mc tranaaitter and portable vor­

tic:al antc.nna. 

lfeaaureeents were aade at 42 sites covering the central and 

northoaa. -,rn pal"t nt Tlud land. lleasured values of the dielectric con­

stant range b~tween 7 and 20 and are indicated by tbe nuabe~s on Fig. 11, 

f<.~ · .. ole nortbeaOJtem area. 

Ground conductivity has been deterained by the following 

aethod: Field intensity curves as a fuaction of distance froa a trans­

aitter were co.puted for different vmlues of cround constants. These 

curves were then coapared with aeasured field-intensity data t~ken at 

various distances f~ tbe transaitter. Correlation of no~alized 

measured data with co.puted data then resulted in values for ground 

constants. Morton curves2 have been coaputed by IBM 1620 ~puter and 

plotted. This involved procru.lng the coaputer for coaputing a Norton 

curve at frequencies of 820 and 145~ kc. At each froquency, the dielec­

tric constant varied f~ 10 to 60 1~ steps of 10; tho conductivity 

varied froM O.S ambo/• to 40 aabo/• in steps of l aaho/• at tbe lower 

value and 10 ambo/• at hisber values, This involved 3000 calculations 

and resulted in 20 paees of curves containing 200 ~raphs. 
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FIG. 11 MAP OF NORTHEASTERN THAILAND SHOWING MEASURED VALUES 
OF DIELEC.TRIC CONSTANT 

Transmitters on frequencies of 820 and 1455 kc and various 

types of vertical antennas and matching networks have been built and 

tested. To assist in evaluating the free--space field, E0 , at a unit 

distar.c-, a loop antenna was constructed. 

Field intensity was measured in tbe vicinity of Banckok, 

Dan Pong, and Bang Pra In in central Thailand and in tne vicinity of 

Korat, Udon, and Sakon Nakhon in the northeast. Neasureaents were 

taken from three directions At each of those six sites, at distances 
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froa 1 to SO ailes--at 1-ailc intervals up to ll 1lcH and then at 10-

mile intervals up to 50 milos. 

The evaluation o! 1round conductivity during the wet season 

bas been almost completed, and the measurements for central and part of 

north~·~t Thailand were finished at the end of Au,ust. The analysis of 

initial results has been started. Oround conductivity in central 

Thailand was found to be 40 mmho/m in the wet season, when that area is 

covered with water. 

5. Subtask 5--Conduct Special !afnet1c and Ionospheric 

Investi;ations 

The earth's magnetic field and tbe ionosphere exert creat 

influence on t~pical co.munications at HF. The effect of the .agnctic 

field is especially important near the magnetic equator, and it has 

been observed that the earth's static equat~~ial aasnetic field is 

greater near Thailand than it is elsewhere in the world. The earth's 

magnetic Iicld nffo~ts the refractive index of the ionosphere and 

c~•J~~s magneto-ionic splitting of ra~to waves, which can make some 

ante~,a orientations more effective than others. Important charac­

teristics of the ionosphere that affect radio communications include 

its relative &~sorption, electron density, and equ~valent layer thick-

ness. 

Meanwhile, the recording of 54-Mc signals from the Transit 4A 

satellite haP been continued. Faraday rotation is measured, and results 

are tran~latcd into accumulated electron content values. 

A devioa for automatically turning the systea on and off has 

been constructed, along with automati~ time markers to insure satis­

fac!o&y records around the clock. 

A typical data shret is shown in Table II. Figure 12 shows 

how the accumulated electron content varies with tiae of day over 

Bangkok and also illustrates the day-to-day variations. Insufficient 

data have been acccmulated to a!~ow est1~ating accu.ulated elect~n con­

tent during the period 2400 to 0400 hrs, a period of very low ionospheric 

ionization levels. 
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Table II 

T\TICAL DATA SHEET SHQfiMG FARADAY FADIKG RECORDS lOR TAA!(SIT IV-A 

AT BAl'iGJtOK 1 AlfD EIJ:CTROM COfiTD'T OF UNIT COWH!f KVAJlJATJ:D THBRD'RQ!.( 
~ 

Date Revolution Ti•o (UT) l'arada1 fol'2 lfdb 
(19&4) Ko. Initial Tonainal To Rotations (Me) 106e/a2 Reaarks 

2 June 14825-A 0324 0330 0327.48 2.8 2.7 18.01 
2 June 14831-D 14~0 14:1& 1433.95 0.35 2.5 2.21 
3 June 14838-A 015~ 0201 0157 2.4 6.8 15.37 
3 June 14844-D 1259 1305 1302.78 1.0 4.6 B.~& 

4 Juno 14852-A 0207 0?14 0210.91 2.7 6.4 18.74 
4 June 148~8-D 1313 1319 1318.40 0.85 5.9 5.50 
5 June 14866-A 0220 0227.5 0224.55 2.6 6.4 18.04 

10 June 14940-D 1107 1115 1110.57 2.5 7.0 16.11 
11 Jcne 14948-A 0016 0022 0018.21 1.4 6.4 9.72 
11 June ! .. 954-D 1121 1128 1124.21 2.6 9.0 16.75 
12 June 14962-A 0027 0035 0031.21 2.0 5.2 13.96 
12 Juno 14968-D 1135 1141 1137.85 2.6 8.5 ).6.76 
13 June 14976-A 0041 0049 004e.19 1.6 5.6 11.15 
13 June 14982-D 1148 1156 11$1.-49 2.4 7.0 15.52 
14 June 14989-A 2313 2318 2318.00 0.8 3.9 5.19 
14 Juno 14996-J) l:02 1209 1205.13 2.9 8.5 Z0.34 

l1.., .•u • ., 15009"0 1031 1039 103-1.94 3.0 7.8 19.38 
lti J\&ne 15017-A 2338 2346 2343.28 0.75 5.0 5.24 
16 June 15023~D 1045.5 1252.5 1248.58 2.4 7.1 15.52 
l7 June 15031-A 2353 2359 2336.92 1.0 5.5 6.97 
17 June 15038-D 0916 0922 0918.17 2.3 7.7 15.50 
17 June 15037-D 1101.5 1108 1102.22 2.4 i.5 14.86 
18 Juae lro4..a-A 2:::!2! 2229 ~226.73 0.26 ,l.6 1.83 
18 June 15050-D 0921; 0937 01'31.82 3.2 7.5 20.68 
19 June 15064-D 0942 09~8 0945 ; 2.5 7.6 16.15 -
20 June 15078-D 0958 1004 0959.® 2.5 ,8.2 16.11 
21 June 15092-D 1012 1017 10l.2.T.4 2.6 7.7 16.79 
22 June 15099-A 2133 2140 2137.08 0.1 2.3 0.10 
27 June 15168-A 2058 2104 2101.42 0.6 2.2 44.23 
27 June 15174-D 0804 0812 0800.87 2.8 7.2 3.10 
28 June 15182-A 2111 2110 2115.05 0.3 2.2 2.14 
28 June 15188-D 0819.5 I 0825 0820.30 3.1 8.0 20.08 
29 June 15201-D O:S48 0556 0550.30 2.9 6.5 18.77 . 

6. SubtaAk 6--Invostigate Ionospheric Factors R&lated to Local 

Frequency Prediction 

High-frequency radio circuits depend upon k -tom propaga­

tion predictions to give average indicators of perforaance and assist 

1n the selection of proper frequencies. Field co .. unicat\on equi~ents 
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uae very-low-powered bdts, frequently in non-optimum system configura­

tions. The application of short-term prediction techniques should result 

in a significant iaprovoaent in their communication capability. 

Predictions o! the maximum u•ablo frequency (HUF) Pnd the 

lowest usable frequency (LUF) have been supplied for special tests and 

for special operations. (See comaents on Exercice K1tt1 07 in Final 

Report coverins period 1 Se~t~bor 1962 to 29 February 1984 for this 

contract •3 ) During several field tests in 'l'hailand, wc:lk !'&ignals he. ,c 

been observed well above the HUF. Equipment for precise mode identifi­

cation is not yet available in Thailand. It is believed tho weak signals 

are si111ilar to those seen on short paths in the Uilited States, where, 

with positive mode identification provided by oblique-incidence sounders, 

most such instances of propagation at unusually high frequencies have 

been related to E-re&ion reflection or to long-raniO backscatter modes. 

To further investigate sbort-path communications, special , 

oblique-incidence So')Under transmissions have been conducted over parlts 

.~ ~alifornia frc~ a transmitter located at Mountain View to receivers 

located at the following sites: 

Receiver Site Path Length (km) 

Milpitas 1 California 1~ 

Tracy, California 66 

Sonora, California 153 

Sonoma, CalUornia 97 

Bric~Seport 1 
California 259 

Middletown, California 157 

Coyote Hills 1 Califoratia 13 

Saratoga, California 21 

Knights Ferry, California 132 

Hawthorne, Nevada 32'1 

Tho above short path tests were made pub~ible by the convenient physical 

arra~emont and location of sounders required to accoaplish work under 

Contract DA-28-043-AYC-00082(£) wbero dlstanc~ dependence variations in 
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long-range propagation were ·der invest ~tion. &inco the field testh 

aro still under w~v, only n few data have been examined. Ground-wave 

•ignals are clearly separable f~ sky-wave signals, The ionosrnms re­

semble those fro~ vertical-incidence soun~ers. Long-distance ground 

backscatter is frequently seen on records examined. 

Further examination of ionosrams is expected to show the use­

fulness of the oblique sounder to positively identify the ~odes of 

prop~ation ~xisttQi O\~r R short path. Thus the relati~o importance 

of ground wave vs. sky wave over the terrain examined in thtR tozt can 

be established. The presence of long distance backscatter modoo ot 

propagation has already been demonstrated and it must now be considered 

when examining HF field oomsunicati~~s. Further data on the backrcattcr 

modo are expected from the test. 

7. Subtask 7--Investif&te E!fects of Tropical Environment 

on Antenna Performance 

Tho very high values of attenuation observed on past measure­

ments have suggt.si.c': a c:~.reful exrudnation of the effective radiation 

pattern of tactical antennas in tropical forest arcas.4 Dense vegetation 

a~peaJ~ to resu~t in bigh attenuation to radiation at low angles from an 

antenna immersed in foliage. Initial coaputations of radiation-patL~ ... 

disto.·Uon at low angles because of attenuation from foliage have been 

started. 

It is believed that no significant progress can be made ~n 

this subtask until full scale measurements of antenna patterns can be 

ma~e over open flat terrain, slopes of bare hills, and in heavy forests. 

Tho Xeledop pattern-measuring technique seems well suited for such a 

tnsk.5 t
6 1

7 

8, Subtask a--Analyze Vertical-Incidence Ionospheric Measureaents 

Tho Model c-2 vertjcal-incidence aoundcr supplied by the USARPA 

has been operating continuously since September 1963. 1b~ sounder is 

operated and data arc scaled by USARPA technicians. The first of a 

series of monthly data reports--that for May 1964--was published during 

this reporting poriod.8 
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C. WORX ·PIAHNED FOR ntE foiEXr REPORTING PERIOD 

• 

1. Subtaak 1--Test &nd Evaluate Tactical communication and D~vice~ 

(1) Teat VHF man-pack s~t• in tropical forest 

rogions and comparu results ~ith tests com­

pleted over open flat delta regions. 

(2) Examine: RCA nltrrow-band equipaaent and con­

duct special U . .<ts as appropriate • 

• 2. Subtask 2--Conduct nF Noise Measurements 

(1) Continuo ~peration of the six-frequency 

noise recorder. 

(2) Continue operation c. f tho lightni~-flash 

counter. 

(3) Construct HF noiso-acasuring equipment 

similar to the NBS ARK-3 system. 

~4) Selec~ a new quiet-region site for noise 

measure~ents • 

3. Subtask 3--Con~uct Antenna Orient-~ion InvcstiJ~ 

(1) Complete analysis of CW and pulse data. 

(2) Prepare reports deecribing results oi 

field tests. 

(3) Investigate theoretical aspects of anteor .·d 

orientation and its relationships to 

diversity-receiving systems for short­

range tropical communications • 

Total plan c:ont1. mt upon acceptance of supplel!lcntary proposal. 
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4. Subta~k 4--Conduct Keas~rescnts of Ground Constants 

(1) Complete field aeasurements r.ow in prog~ess. 

(2) Prepare a report describing results of field 

measurements and study eftorts • 

• 5. ~ssk 5--Conduct Special M!Jnetic and Ionospheric 

Invest~~!~~n! ___ _ 

(:1.) Continuo Nut'\ne reception of antollite 

signals and production of monthly data 

summaries of electron content of the ion..,­

sphere by Faraday rotation measurements. 

(2) Analyze and correlate data with such factors 

as magnetic activity, fmin, foF, and other 

ionospheric parameters available. 

(3) Procure and install a maenP.tometer and 

riometers at the MRDC Electronics 

... "'b.J ra tory. 

(4) Procure and install a Dopplomcter at the 

MRDC Electronics Laboratory • 

• 6. Subtask 6--InvestiJate Ionospheric Fa~~ors Related to 

Local Frequency Prediction 

(1) Provide special predictior.s as required 

for communication problems in Southeast 

Asia. 

(2) Outfit and ship to Thailand two oblique­

incidence sounders being purchased by the 

USARPA. 

(3) Start field tests using the oblique-

1nc1d~nce sounders, in accordance with 

the implementation test plan • 

Total plan contingent upon acc~ptancc uf supplementary proposal. 
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• · ·1. Su~task 7--Invcstigato Effects of Tro~icnl Bnvironment 

on Antenna P~rforaanco 

(1) Measure patterns of selected tactical 

antennas over flat land near Lodi, 

California. Continuo ~~asur~ents with 

antennas installed on hillsides and in 

the forest area of the Northwestern 

United States. 

(2) Prepare for antenna pattern measurements 

in forest areab of Thailand. 

e. Suttask 8--Analyze Vertical-Incidence Ionospheric Measurements 

(1) Continue suv~rt of the C-2 sounder 

operated by the USARPA. 

(2) Continue the publication pf c-2 iono­

Bonde data in monthly reports. 

(3) ~:.terprct C-2 data in tol'llls of pa"a~~eters 

useful to fleLd communication, such as 

MUFs, LUFs, and daily and seasonal varia­

tions in these parameters. 

D. FACILITIES 

The MRDC laboratory van structure, the headquarters building~ and 

field facilities have been described in the earlier semi-annual reports 

and t~, final report covering the first 18 months of oporation.3 • 9 ,~ 0 

While small improvements have been made, the facilities described in 

earlier reports have not been significantly changed. All equipaent, 

buildings, and grounds have been maintain~d in good condition • 

• Total plan contingent upon acceptance of supplementary proposal. 
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The three 60-k~ General Motors d,esel g6nerators supplying power 

to the laboratory and the C-2 sounder have accumulated su!!icicnt 

operat!ng time that overhaul 1s required. Psrts and experienced 

;nechanics nrc avnilable !rom tho General Motors diastribut~r in Bangkok. 

Six ONAN lG-kw generato~s used for field work have ~ccumulntcd 

sufficient operating time to receive their second overhaul. Although 

the field generators are still in excellent condition, it will be 

necessary to start planning t!:dr replacCIIlent. 
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IV PUBLICATiafS AND CONFERENCES 

A. PUBLICATI(J(S 

Verbal approval was obtained for tho publication an Task II of the 

revised Resenrch Ke1110ro.nd•t'" 5, entitled "Orient11Uon of Linearly 

Pob.rized HF Antennas for Short-Path C01111unicat~-" v11\ the Ionosphere 

ncar the Geomagnetic Equator." 

Approval for the publication, on Task II, ~f ~ntbly Ionospheric 

Data Reports was received. Draft bulletins ~ave 411n completed for tho 

m?nths of March, April, and June 1964; the rflport for Kay bas been pub-

lished. 

B. VISITS AND C(J(FERENCES 

Numerous conferences were held during the reporting period. These 

are summarized and listed below. 

1. In March, Lt. Col. Ranvier vis1 ted the IIRilC 
Electronic~ Laboratory to aake measure.ents on a 
"squallhed rhombic" antenna. 

2. During 1-16 March, Capt. P:-apat Chandnket, M1UX' 
Electronics Laboratory Courdinator, and Lt. Col. 
J. F. Scogin, ARPA RDFU-T eo-unications Program 
Manager, met with the Operations Analysis staff 
regarding proposed revision of the Operations 
Analysis program. 

3. On 6 March, Nr. A. J. Mandelba\lll and Mr. R. E. 
Horse visited Hq. Planning Group for Exercis~ 
AIR BOONCl!OO, Air Acadei!IY, Don Muo.ng for orienta­
tion and determination of extent of SRI partici-
pation. 

4. During 9-12 Karch, Mr. R. E. Leo nnd capt. K. W. 
Iri~h viuited Saigon, Vietnam to discuss co~uni­
cntion problems with Lt. COl. Ranvier. Problems 
of the DECCA low frequency navigation system were 
discussed with several officers and DECCA repre­
sentatives, at the request of Mr. Brundage. 
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5. On 13 Karch, Lt. Col. Jaaes Jones .-1 ARPA, 
Wasbincton, D.C. ~d Dr. G. J. Zissis of IDA. 
Washington, D.C. visited the KRDC Electronics 
Lal>oratory. They were briefed on technical 
p~raa effort& and esco~ted throuch the T-van 
ca.plex by Lt. Col. Scosciu. 

6. DurinK 15-19 ~,,r('t\ 1 Yr. R. &. Morse visited 
Vietnu Ior an <.~plorat1un of datn ~ources 
and investigation of data ~xchsnc~ possibilities 
between KRDC Electronics t.aboratory and test 
units in Vietnaa. 

7. On 20 April, Mr. F. T. Mitchell and Mr. L. 
Sturgill, Jansky • Bailey, •et with Mr. A. J. 
Mandelbaua, Nr. R. E. Leo, and other Operations 
Analysis and Technical Progra. staff •eabers 
recardin& objectives and !!cope of Jansky • 
Bailey progrua. 

8. On 22 April, Ur. A. J. Kandelbaua and Mr. R. E. 
Mc~sc vtsited Ubon and lorat Airbases for ob­
serv&tion of coamunications aspects of Exercise 
AIR BOONCHOO. 

9. On 24 April, Mr. A. J. Mandelbau. and Mr. R. E. 
Morse visited Pitsanuloke, Tabkli and Don Muang 
Airbase for observation o! com=unications aspects 
of Exercise AIR DOOMCHOO. 

10. On 29 Apri~, Mr. R. E. Leo and Mr. K. K. Shrauger 
visited Don Muang Airbase for observation of 
co.aunications aspects of Exercise AIR DOOMCHOO. 

11. On 7 Kay, Mr. R. E. Leo and Captain Udoe 
Suwanpramott visited the Thai Aray Signal COrps 
Headquarters, Bangkok to inspect its facilities 
and discuss its participation in the frequency­
prediction verification e-~riment. 

12. On 11 Nay, Lt. Col. v. Bloecher, u.s. Aray 
Signal Corps, briefed SRI staff members on the 
results of Exercise AIR ~0100 applyini to 
com:nunications. 

13. On 12 May, Mr. A. J. Mandelbau., Mr. R. E. ~rse, 
and Lt. Col. J. F. Scosgin, ARPA Rlh-"1.1-T vis' ted 
the Thai RCT. Udorn, !or acquisition of data on 
Thai BPP and Aray unit coaaunication8 and related 
factors. 
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14. During 12-23 Kay, Mr. R. E. Leo visited research 
centers in Hong Kong, Macao, and Japan to cx­
chcnse information on ionosondes, lightnlng­
!lash co~ters, noise aeasurcaents, satellite 
Faraday rotation experiments, and satellite 
cOSIIIunlcations. 

15. On 13 May, Mr. A. J, Mandelbaum, Mr. R. E. Morse, 
and Lt. Col. J. F. Scoggin, ARPA RD!U-T, visited 
the Thai ~. Chiengaal, for acqui&itlon of data 
on That DPP ::.:~d '\r:::y ur: • t c0111111unicat1ons end re-
lated factors. 

16. F~om 17 May through 26 June, Mr. H. P. Blanchard 
visited Bangko% to coordinate project activities. 

17. On 1 Jur.e, Capt. Prapat Chandaket, Electronics 
Laboratory Coordinator, Hr. H. P. Blanchard, 
Project Supervisor, Maj. J, A. Kranz, COR/COTR, 
USAEL Thailand, Capt. K. M. Irioh, Assistant 
COR/COTR, USAEL Thailand, and Mr. R. E. Leo met 
to review and consider proposals for Technical 

Program. 

18. Dul'ing S-9 June, Mr. R. E. Leo visited Snttahip 
to observe dipole orientation tests. 

19. On 11 June, Mr. R. E. Leo, Lt. Jamnong Sowanna, 
Mr. Dan Pierce, and Mr. Rangsit Chindhaporn 
visited the Meteorological Department, Royal 
Thai Navy and met with Captain Prasert Soontarotok, 
Forecasting, Captain Dr. Kajit Buajitti, 
Climatology, and Mr. Smith, Communications, to 
discuss meteorological activities, thunderstorm 
ncttvity, noise DF equipment, and meteorological 
publicdtions in Thailand. 

20. On 12 June, Mr. R. E. Leo and Lt. Jamnona Sowanna 
visited Mr. Suwan, Chief Engineer, Ministry of 
Telephone and Telegraph, Ban~kok, to discuss 
satellite co1:1111unicat1ons and frequency control. 

21. O:l 22 June, Major General Wienecke, Director for 
Remote Area Conflict, ARPA Washington, visited 
the SRI operation for a tour of the MRDC 
Electronics Laboratory and a briefing on current 

projectf;. 

22. From 22 June through 3 July, t.lr. W. R. Vincent 
visited Bangkok to coordinate Tnsk II activities. 
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23, From 28 June through 2 July, Mr. A. J. Mnnd~lba~~. 
Mr. R. E. Worse and Lt. Col. J, F. Scoggin, ARPA 
RDFU-T, visited Vietnam to investigate the availa­
bility and value of counterinsurgency communications 
data. 

24, Col 29-30 June, Mr. George Watts, u.s. Army 
Electronics Labo•rtories, Fort Monmouth, New 
Jersey, vlsitcJ SRI, loltmlo p .. ,k. 

25, From 30 June through 2 July, Dr, John Taylor 
visited the U.S. Army 2lectron1cs Laboratories, 
Fort Monmouth, New Jersey. 

26. On 8 July, Mr. Ji, P. Blanchard visited ARPA, 
Washington. On 10 July, Mr. W, R. Vincent 
visited ARPA, Washington. 

27. During 13-16 July, Dr. T. Meeland and Mr. J. A. 
Mac!~od visited Vietnam to exchange information 
with Army concept Team in Vietnam and coordinn­
tlon wilh SRI repre~entati•~. 

28. ~~ring 22-24 July, Major General Singchai 
Menasuta, RTA, Lt. Col. Chaiyo Krasin, RTA: 
Col. Bui Quang Trach, ARVN; lst Lt. Huynh 
Thuan, ARVN; and Lt. Col. J, L. Jones, USA, 
visited SRI, Menlo Park. 

29. On 23 Jul>, Mr. R. E. Leo •· •. ted Subtask 4 
work under way nc. .. r Korat, 1'ha1lan<!. 

30. During 27-29 July, Mr. David Paul and ~tr. T. E. 
Simonton of Atlantic Research Corporation, 
Alexandria, Virginia, visited SRI, Menlo Park, 
to film project activities. 

31. During 28-29 July, Mr. R. A. Kulinyi and Mr. H. 
L. Kitts, u.s. Army Electronics Laboratory, 
Fort Monmouth, New Jersey, visited SRI Menlo 
Park. 

32, On 30-31 July, Mr. w. R. Vincent visited ARPA, 
Washington, to review project acttv1t1es. 

33. During 4-7 August, Nr. J. A. r.lacLcod and Mr. R. 
E. Morse visited the DPP RuK&onnl Installation, 
Udorn, and platoon outposts, for ~cqu1sition of 
data on BPP internal and interface communications. 
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34. On 13 Augu:;t, Mr. H. P. Blnnchnrd v1s1ted ARPA, 
Washington. 

35. On 13 Au~ust, Mr. P. Dubois, Internationnl 
Telecommunications Union Technical Ass1stnnce 
Board, nnd Mr. Watana Sumawona, Chief Training 
Officer, ITU, visited Mr. A. J. Mandelbaum and 
Mr. R. E. Leo to discuss areas of common 
interest in rommunications research. 

36. On 13-14 August, ~r. E. Rivern and Mr. G. Urgnn 
of the U.s. A1·any i:. to.o.~rvu.i... Proving Ground, 
Fort Hunchuca, visited SRI Menlo Park, to dis­
cuss the field testing of radio sets. 

37. During 13-27 August, Mr. K. n, Dimmick, 
audiologist, Operations Annlysis Department, 
SRI Menlo Park, and Hr. L. Thompson, 
Lecturer, Chulalongkorn University, met 
with Operations Analysis staff ~embers to 
discuss communications Jystcms implications 
of major Thai dialects (Task I, Subtnsk 4). 

38. On 17-18 August, Mr. R. L. Brown and Mr. G. H. 
llagn •:bt •.ed Mr. J. Crich.low, National Bureau 
of ~tandards Laboratory, Boulder, Colorado, to 
discuss noise measurements. 

39. On 20-21 August, Mr. W. R. Vira...ent visited the 
Defense Research Corporation of Sru-ta Barbara, 
California, to discuss long-term plan~ for 
AGILE. 

40. On 28 August, Mr. J, A. MacLeod, Mr. R. E. 
Morse and Police Lt. Col. Thinakorn Orntuam 
visited the 7th BPP Area, Kanchanabur1 tu 
acquire data pcrtnining t~ low-level counter­
insurgency communications (Task I, Subta~k 1). 

H. On 31 August, Mr. R. L. Brown and Mr. w. R. 
Vincent visited ARPA, Washington, to discuss 
Task II work. 
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